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FURTHER INVESTIGATIONS ON METABOLISM IN PFEVER.
ACID-BASE BALANCE DURING FEVER o

'
]
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8y Dr. Otto Beck from the University Children's Clinic,
Tubingen (Director: Prof. W. Birk)

im0

Jahrdb. fur Kinderheilkunde, Vol 113, pp 198-210, July 1926

Introduction

- A number of investigations of metabolism in artificially
fed infants during vaccine fever, measles, or chickenpox fever,
desoribed elsewherel?’, have ylelded the results that, in addi-
tion to quite definite Qquantitative changes in nitrogen metabo-
lism, qualitative changes also take place.-"Along with changes , ,
in the excretion of urea- and amlno-acid nitrogen it was pri- / i
marily ammonla nitrogen that showed & uniform and typical be- B
havior throughout all experiments. A considerable increase of
absolute as well as relative ammonia values should be observed
in ammonia excretion at the peak of the fever and during the
start of convalescence. Not every fever peak was accompanied
by a corresponding fluctuation in ammonia nitrogen; this was
especially true in the case of small and temporary temperature
rises. But as soon as higher temperatures were reached a
strong increase in ammonia excretion occurred. Thus these
changes in ammonia excretion required for their occurrence a

certain severity and a definite period of duration of the
fever.

This statement as such is not new. e first investiga-
tions on this subject were made by Kopp02 and Hallervoorden3).
Both these investigators demonstrated a considerable increase
1) Jahrb. I. Kinderheilkunde (Yearbook of Pediatrics) Vol 112,
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23 Quoted after Hallervoorden.

3) Arch. exp. Path. Pharmak. (Archives of Experimental Pathology
hd PasruicoTogyT VoI 12- p 237.
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in ammonia nitrogen in adults gt the height of an infectious
fever. Wwhile Koppe ofrers no explanation for his findings,
Hallervoorden considers the increased ammonia excretion a symp-
tom of increased acid excretion in the urine. A similar view
18 expressed by Krehll) when he says that the increased ammonia

exoretion is an indication of acldosis which in turn constitutes
"a phenomenon of infeotion."

As a rule an increased ammonia coefficlient can be con
. sidered an expression of &n acidotic metabolism. But this is
. ROt aiways pathological. This can be seen particulariy in the
example of the infant fed naturally, in whom -- despite a dis-
tinotly increased ammonia coefficient -- titration showed low
acldity and neutral pH values in the urine -- e.g., alkeslosis
dominated the metabolism. This demonstrates that an increased

~ammonia coefficient alone does not permit any conclusions with
._regard to the presence of acidosis.
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Koppe and Hallervoorden's investigations have been con-
ducted in adults. Only two 1nvest1 ations have been conducted
in infants with a fever, by Gyorgy2). He found a strongly in-
oreased ammonia coefficient during high temperatures and during
temperature decline, in one infant vaccinated against cowpox
and one inoculated against typhnus. These findings, however, do
not correspond entirely with my own in regard to the timing of
increased ummonia exorotion.

e o .
~i’havo,—shereforo, axamined the acid-base ratio, continu-
, ously in three infants with vaccine fever, and in two infants

- during the course of an infection with meagles. ) A11 the chil-
dren ~“frdm & oréche connected with the children's clinic

' ani#’ otherulse hoalthy and free of constitutional defects.

o O

Mt&ﬁtotal nitrogen, ammonia nitrogen, phosphoric
k ~” aold, excess acld, and titratable acidity of urine, hydrogen
- fon concentration of urine and tissue flulds, and in one test

also the carbon dioxide tension of the blood.

Methods

AN

' Total nitrogen was determined according to Kjeldahl, am- '
. monia nitrogen with Folin's ventilation method.

I determined excess acid according to Brock3) (titration

b P A Ml s A 3

nd, Handbuoh d. Patinl. (Handbook of Pathology)
1923. p 33

2) Zs L. die es. . Hed. (Journal of General Experimental
c (Te

p .
3) Zschr. f. K4n. K (Journal of Clinical Medicine) Vol 100,
P- §§ - |
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of 20 cc urine with n/jg lye against a control solution of 0.1
mol sec sodium phosphate. 1Indicator neutral red.

ek RO

Titrataeble acidity was determined in the customary fashion
(titration of 10 cc urine with n/jo lye against phenolphtalein,
and with n/70 acid against methyl orange).

Phosphoric acid was titrated with wranyl acetate against
cochineal dye.

vl bl

The actual reaction of urine and tissue fluids was found

by the colorimetric method according to Michaelis in Walpole's
comparator.

The contents of a cantharidal blister applied accoriing to -
Ginssle's communication was used for tissue fluid. '

Blood carbon dioxide content was determined with Bar-
croft's differential blood gas manometer.

Tests

bl

1st Test. Vaccine fever, child Zi.

The boy was born on 2 Aug 24 in the Gynecologlcal Clinio
and entered the créche on the 10th day after birth. He was
nureged for four weeks, put on mixed feeding for a further four
weeks, and then put on half milk, helf porridge. Further de-
velopment was normal. There were neither nutritional disturdb- .
ances nor infections. The boy was entered in the test on 23 :
Mar 25. Welght at start of test: 8160 g. Vaccinated with cow- =
] pox vaccine on 25 Mar. Distinctly red spots appeared in the

vaccinated area on the 6th day, simultaneously the temperature
increased. The fever extended over a period of three days and
reached its peak at 39.0° on the eighth day after vaccination.
) Food intake was generally good, only on the day when the fever
1 was at its peak the boy drank about 60 g less milk.

Duration of tesat 15 days.
i , _ 2nd Test. Vaccine fever. Child He.
L Birth normal and at temm in the Qynecological Clinic. Un-
! _ der medical observation in the créche from the 15th day after
; birth on. Nursed for throe weeks, then on mixed feeding with
{ buttermilk for four weeks, then put on buttermilk with 2%
flour and 5% sugar. Normal development, no nutritional dis-
turbances, no infections.
|
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Entered in the metabolism test on 1 Aug at the age of two
and & half months. Vacclnated with cow vaccine the same day.
Weight at test start 4600 g. Vaccine spots showed reddening on
the Tth day after vaccination, sinultaneously temperature rose.

Peak of fever on the 9th day after vaccination at 39.2°, PFever
decreased on the 1llth day.

Diet during the test: five times 180 g buttermilk with 2%

flour end 5% sugar. Good food intake, increase in weight d
ing 13 test days 110 g. ! “f-

3rd and 4th test. Measles, then vaccine fever. _Child Ma.

The boy was accepted in the crdche at the age of three
monvhs., Birth normal and at term in the Gynecological Cliniec.
Nursed for 8ix weeks, then artificial feeding. Never 11l1.

At the age of six weeks during a measles infection in the
crédche the boy was entered in the test. The probable day of
infection could be definitely ascertained, and the boy did in-
deed come down with measles on the lith day after the test was
started. Despite a vsery severe rash, increase in temperature
was comparatively aslight. The highest temperature was 38.9°.
Duration of fever during the rash tvo daga. Duration of pro-
dromes with an average temperature of 38°: four days. Weight
inorease during the test lasting 20 days: 470 g.

On the 13th day some urine was lost accidentally. There-
fore this day was not evaluated. Since the boy was exception-
ally suitable for metabolism tests, a second test was conductad

after an interval of 14 days. In this second test I investi-
gated the effects of vaccine fever.

Vaccination with cowpox vaccine on 14 Aug 25. Distinct
redderning of vaccination area on the 6th day after vacocination.
Temperature rose to 38.2° on the 9th day. Total Aduration of
fever period: three days. Highest temperature 39°. Diet dur-
ing this test was the same as during the previous measles test.

Avereage increase in weight 20 g per day. Duration of experi-
ment: 14 days. -

Sth Test. Vaccine fever, thep measlea, Child Mo.

The boy was accepted at the crdche at the age of 19 days.
Birth normal, at term, in the Gynecological Clinic. Nursed
for three weeks, elght days on mixed feeding, then artificial
feeding. Never 11l. Age at the start of experiment on 31 Oct
25 was five months. The boy was vacoinated with cowpox vaccine
on the evening of 30 Oct. FPFever began on the sixth day after

Tl

ST

Juhal 0 SR,

WAL T Y

[t

WW L Wkdﬂﬂﬂ%t%wumWWL‘JWJN"M»'\ 0 R . I bt bl i o AR 1 st SRR




g = e e

seanarqutio Wl Lot SR

vaceination. Highest temperature 38.8° on the 8th day after

E vaccination. Due to an undesirable colincidence another chilad
who was in the incubation period of measles, was accepted for

testing on the same day as this child. He infected with
measles -- among others -- also this test child. Febrile pro-
dromes started on the 10th day of the probable infection. On
. the 13th day Koplik's aigns could be demonstrated unambiguously.
4 In addition to this the patient hal acute rhinitis and conjunc-
3 tivitis. On the 14th day a typlical measles rash could be seen.

It was intended to continue the test until the period of
convalescence but it had to be interrupted on the 15th day be- :
cause the boy began to become a feeding problem, Duration: 15 - :
days. Increase in weight during test: 300 g. (Compare PFig. 1.)
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Fig. 1.

1
l -« Vaccination; 2 -- Vaccination tever; 3 -- Start of test;
o 4 == Infection with measles; 5 -- Measles prodrome; 6

de el i

-= Measlea
rash.

RESULTS

Pirst of all with regard to ammonia nitrogen, it can bde
seen from the tables as weii &8s from Fig. 2 that in these five

tests, too, there undoubtedly is a connection hetween fever
and ammonia excretion.
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.
’

In the first test the onset of fever is accompanied by a :
pogerrul increase in (absolute and) relative ammonia nitrogen i
values, =

In the 2nd test the start of increased ammonia excretion
occurs only on the day of the highest peak in temperature, e.g.,
on the third day of fever, while no influence on the ammonia :
coefficlent can be seen during the first two days of fever. %
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Mg.
1 -- Temperature; 2 -- NH3 coefficient; 3 -- Excess acid; 4 --
P20s5; 5 -- pH urine; 6 -- pH tissue.

Test III shows the same as test I; here, too, the increase
in the ammonia coefficient starts on the first day of the fever.

The same holds true for tests IV and V.

The peax of the ammonia curve coincides with the last day
of fever in &ll but the third experiment -- where the grectest

;mount of ammonia 13 already excreted on the third day of the
ever.

Thus it ¢an be seen that 1in all experiments there exists
& close connection between the level of temperature and the
amount of ammonia excreted. This i1s generally expressed by a
considerable increase in ammonia values with the onset of the .
fever. It 1s obvious, however, that a certaln level and dura-
tion of the fever are required to reach the highest values of
ammonia excretion. It is further important to note that the
high ammonia values do not return to the norm at once with a
decline in fever but continue well into the pericd of conva-
lescence and only then return to normal values.

wWhat then i1a the course of the acid excretion in the
wrine during the infection?
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Excess Acld

I have purposely put the determination of excess acid in
the foreground of my investigative methods because vhere 1s no
doubt that these glve & more unambiguous picture on the amounts
of acid excreted in the urine than titration of primary and
secondary phosphates with lye and phenolphtalein, and with acid
and methyl orange, which has hithert: tien custouwary. wlith tuls
method neither phosphates aloue nor tho total amount of weak :
aclds of the urine can be determined. "Excess acid" means that
amount of lye which has to be added to & certain quantity of
urine to equate itas actual reaction to that of blood, e.g., to
depress it to a pH of 7.4, We learn nothing, however, about
the type of acid appearing in the urine -- whether organic or
inorganic -~ by determining the excess acid. For my problem,
however, thils plays only a secondary role at present; I was
primarily interested in deteruining whetner any acids appear in
increased amount. in the urine during the course of infection.

Tne following results were obtained: the tables show the
amount of excess acid expressed in c¢c n/10 lye, calculated on
the total amount of urine. We can observe a distinct influence
exerted on the excretion of "excess acid" in all experiments
during the fever period, which expresses itself in such & man-

ner that =- during the peak of fever -- there is a strong in-
¢rease in excess acld values.

This is brought out most distinctly in tests I and V, and
is also clearly recz;onlizable in tests II, III and IV. The
values for excess a-1d thus show & parallelism with those for
the armonia ccslficient. 1t 13 strEEIng, however, that in some
of the experliments che increase in excess acid is not continued
throughout the entire period of increased ammonia excretion =-
the excess acid curve returns to normal while the ammonia co~
efficlent 48 still high. This 18 the case in test I, also in
test II as well as in teats 1II and IV. 1In tesat V the curves
for ammonia and excess &acid excretion are exactly parallel.

N

This demonstrates clearly that there 1s an increaéed ex-
cretion of acid in the urine at the height of the fever. The

increased ammonia excretion can thus oce regarded as a process
of neutralization.

Ay bt
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What, however, is the explanation for the fact that the
ammonia coefficient is still high whille excess aocld values have

returned to normal -- as is the case after the decline of the
fever in tests I through IV?

el o Pt Y

S

VL

A

e e e —————




——

cm———— WY
*
L o 0 b D e Y

When evaluating these facts we must keep in mind that the
determination of excess acid alore -=- as well as determination
of the ammonia coefflclent alone -- does not give a clear un=-
ambiguous picture of the amount of intermedlary acids formed.
The fact is that part of the aclds is at once neutralized by

ammonia, thus removed from urea formation and excreted as free
ammonia in the urine.

The amount of acid whose neutralization cannot be accomp-

lished by the avallable ammonia then appears as excess acid in
the urine.

The total amount of intermediary acid formed can best be
L expressed in the formula A + NH3, where A is the amount of ex-
: cess acid, N33(- absoluie ammonia value) represents the amount
of intermediary acids neutralized.

When viewed from this point the apparent contradiction in
the dbehavior of the curves for ammonia nitrogen and excess acid
can be comprehended. The figures for the quantity A + NH3 are
given in the 7th column of the tables. They show that the total
&cid excretion after the decline of the fever, 1.e., at the be-
ginning of convalescence, when the ammonia coefficient 1s still
high, is still higher than the norm, though the values of ex-

SEPRY TN O LT BRRTRAEN

i cess acid, as mentioned before, have already returned to normal. é
ghésa;g ghe case in tests I and II, but obvious also in tests E
I v. N

Test V 48 the exception. In this test the curves of am=~
monia and acid values are exactly parallel and retwurn to the
norm &t the decline of the vaccine fever.

I must point out in connection with this test that the test
, child was infected with measles by accident on the day of vac-
i cination, e.g.. on the first day of the vaccination test, which
¢ alters the conditions in this case. The day of the decline of
; the vaocination fever -- the 19th test day -- was for this
d child alsco the first day of fe¢brile measles >rodromes. This
can be seen clearly from the course of the fever curve. B
\
Looking at the tables one can observe that the ammonia and
acid values are not increased during prodromes. But as soon as
the actual measles fever sets in,the values of the ammonia co-
efficient and excess aclid shoot up, as do also the values for
the total acid excretion. In other words the same process
which was observed during the vaccination fever repeats itself.
Unfourtunately this test could mot be prolonged beyond the pe-
riod of the onset of rash because the boy stopped feeding.
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Nevertheless the increase of acld excretion at the height of
the measles fever can be seen alsc in thils case.
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Actual Reacticn
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Furthermore I have investigated the actual reaction of the

3 urine in all tests, and in four of the tests also the actual

} reaction of the tissue fluid. As far as the pH values of urine
are concerned the findings correspond witn tne theoretical con-

sldevations, e.g., the actual reaction in all tests is slightly
acld or neutral prior to tne onset of fever.

b

With the onset of infectious fever the pH values chauge to
3 the strongly acid region and remain acid until the decline of
PoE the fever. They thus parallel the total acld excretion, This
ﬁ is a further proof for the shift of metabolism in an acidotic :
direction during the actual perliod of fever. g

b L by ey

The actual reaction of tissue flulds corresponds entirely :
with the fluctuations in the pH values of urine. Normal values :
i for the actual reaction of tissue fluids have not been de- -
scribed to date. From the pre-test perliods of my investigations :
it can be said that the hydrogen-ion concentration of tissue

fluid fluctuates between pH 7.35 and 7.45 which means that it
corresponds approximately with the actual reaction of blood.

Tnis 1s the case up to the onset of the fever in all tests. As

soon as the actual fever of the infection reaches higher tem-

peratures the pH values of tissue flulds also show a shift to

the acid rezion. The lowering is not quite so much as that of

the pH values of urine, but it can nevertheless de clearliy re-

cognized in all tests.

As soon 88 the values of total acidity return to normal,
and the actual reaction of urine becomes again wealkly acld or
neutral, the pH values of the tissue fluid also shift again
into the weakly alkaline reglon.

Ve can see, therefore, that a complete parallelism exists
4 between the actual reaction of the urine and the tissue fluids.

i 1

Phosphoric Acid and Titratable Acidity \

In addition to the calculations described above the esti-
mation of phosphoric acid alsc permits some insight into the
relations of the intermediary acid-base metabolism. It 1s known

that in conditions which lead to acidosis there 18 primarily an
§ increased formation of organic acids. These intermediary pro- |
ducts formed as a result of a sluggish metabolism are compara~
tively very strong organic acids. An accumulation of such
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strong acids must be marked by an accompanyling displacement
from their alkali compounds of the phosphates which represent
considerably weaker aclds. These are then excreted in the
urine in increased quantities. "An exceas of acid velences 1s
eliminated in the urine only when phosphori~ acid 1s excreted"
(Straunl)).

A it bt A i RO

. Taking these considerations into account I have also esti- %
mated phosphoric acid in all tests. It can be seen from the - :
" tables that the values f»r phosphoric acid do indeed show & ’

coamplete agreement with the fluctuations of the ammonia coeffi-
clents and excess acld.

Finally, I have also determined the acidity which can be
titrated in all tests. The values obtained here are also in
Tull agreement with the values of excess acid; graphically
' represented, both curves run a similar course, To save space

I have, therefore, not incorporated the figures in the tables.

Iastly, the behavior of the carbon dloxide tension of the
blood 1s also in full agreement with the results Juat elaborated.
In one test (IXII) I have investigated the carbon dioxide con-
tent of the venous blood continuously. This ylelded the result
that the carbon dioxide content of blood remained percentually
absclutely constsnt throughout the period prior to the fever
and again during convalescence, while 1t showed a distinct 10-
154 decrease by volume during tne actual period of fever, cor-
responding to the increase in acid excretion.

Thus, proof that metabolism shifts towards acidosis at tne
height of an infectious fever and during the early part of con-

| valescence seems finally to have been supplied by these investi-
E gations,

When we attempt to eluclidate the processes which lead to
a shift of the metabollsm into the acid region, i.e., which
lead to acidoslis, one might at first think that a certain con-
nection exists between the magnitude of nitrogen excretion and
the amQunt of excreted aclds -- consldering the findings of
Brock2) and Hottinger3). Both inveatigators believe to have
found that, on the whole the excretion of organic aclds follows

, that of nitrogen. According to this 1t would be plausible that
- T) Vernandiungen des Deutschen Kongr. f. Innere Med. (Proceed-
. ingi of tge German Congress of %ﬁférnaI’Me&Tcine), Kissingen,
1924, » 18. :
2) zschr. f. klin. Med., Vol 100, p 51 -- Zschr. f. Kinderheilk,

) P 4.
{ 3) Monatsschr. f. Kinderh:ilkunde (Montnly Review of Pediatrics)
) ) .
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during a fever -~ during vhich period, according to Birk;) as
well as our own investigatlions, there is a powerful excretion
of nitrogen even in the infant -- the excretion of acids would
be similarly 1ncreased, thus leading to acldosis.

There 1s something to pe sald 1n favor of such an explana-
tion. But in my oplnion it does not suffice to interpret the
changes we have described. As can be seen from the investiga-
tions just mentioned (Birkl); author2)) increased nitrogen ex-
cretion is seen not only during the actual period of fever but
also prior to it and during convalescence, 1.e., after it. It
would thus follow that we should expect corresponding increased
acld excretion during the pre- and post-fever periods. This,
hovever, 1s not the case 1in any of the tests. Tne metabolism
was never shifted in an acidotic direction. A different ex-
planation for the occurrence of acldosls during fever seems
more plauslble to us., As 1s known, temperature regulation and
internal secretion are closely connected. It 1s known that on

the one hand the actlvity of endocrine glands is8 influenced by
the vegetative nervous system, and on the ot?er hand this sys-
tem reacts to internal secretion {Toniessen3)). The thyroid
gland, the hypophysis and the adrenal glands are primarily
significant for the regulation of temperature.

Experimental investigations on these internal secrstions
have shown that thex)have the abillity to influence metabolism

decisively {(Vollmer™) and others). In particular the hormones
of the hypophysls and the adrenal gland glven subcutaneously
first bring about acldosis and soon after that lead to alkalo-
sis. In view of the close connections which exist between the
temperature regulation center and the endocrine glands, we will
have to consider first of all the possibility that under the
influence of a fever the endocrine glands are under an influence
which deviates from the normal. In the finsl analysis their
hormones may lead to a change 1n cell oxidation and thus to an
acldotic orientation of metabolism.

loc cit.
loce cit.
Klin. Wschr. (Clinical Weekly), 1923, p
Kiin., Wschr., 1923, pp 117, 529 and 593.
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